Introduction {#s1}
============

The esthetic expectations of patients for achieving good results in anterior teeth necessitates materials with optical properties similar to natural teeth.^[@R1]^ At present, there is a sustained effort by dental practitioners and ceramists to obtain superior results, especially with ceramic veneers.^[@R2]^ Due to fast improvements in both biomaterials and processing technologies, more esthetic solutions are possible.^[@R3]^ Versions of "high-translucent" or "cubic-containing" zirconia are commercially supplied recently, produced with major modifications in microstructure and composition to increase their translucency without significantly losing their fracture resistance, thereby expanding their clinical indications, including veneers and ultra-thin veneers.^[@R4]^ Currently, multilayered translucent zirconia which is internally colorized has made it possible to produce monolithic veneers with optical properties to precisely resemble natural tooth without applying any porcelain layer.,^[@R6]^ Ultra translucent multilayered zirconia (UTML) is designed to have a minimal thickness of 0.4 mm for veneer.^[@R3]^

One other important factor in esthetic rehabilitation with all-ceramic restorations is the choice of resin cement, as it can affect the color of the final restoration.^[@R7]^ According to some studies, the resin cement affects approximately 10‒15% of the optical results of all-ceramic restorations.^[@R1]^ To obtain better predictability of esthetic results, veneer try-in should be performed prior to cementation. The dentist and patient can evaluate color changes in the tooth/veneer system using try-in pastes that correspond to the same shades of resin cements; moreover, the esthetic expectation is also achieved.^[@R8]^

The shade agreement between the try-in systems and respective cements has been evaluated in different studies, but no significant differences have been found.^[@R8]-[@R12]^ Xing et al reported that the shade of try-in paste and the corresponding resin cement attained high agreement. They suggested that the application of try-in pastes could practically predict the resin cements' final esthetic result in veneers.^[@R11]^ On the other hand, some studies found no color matching of resin cements and corresponding try-in pastes.^[@R13]-[@R16]^ Mourouzis et al^[@R15]^ indicated that dentists should not count on try-in pastes for the final color evaluation^.^ Therefore, knowing whether try-in pastes are reliable regarding the final color of a restoration is a factor of greatest importance in an esthetic laminate veneer treatment.^[@R8]^

Different ceramic systems can have different effects on try-in paste and resin cement agreement. Vaz et al^[@R12]^ showed no color differences between the try-in paste and resin cement in leucite-reinforced glass ceramic (Empress). Xu et al^[@R14]^ reported no similarity of colors between the try-in paste and resin cement in lithium disilicate glass ceramic specimens (Emax). Although Rigoni et al^[@R13]^ showed no color agreement between try-in paste and resin cement in nanofluoraptite ceramic discs, Xing et al^[@R11]^ reported excellent try-in paste‒resin cement agreement in Ceromer discs.

Since few studies on zirconia veneers have been reported,^[@R17]^ and inadequate data is available about multilayered ultra-translucent zirconia and its possible effect on try in paste--resin cement color agreement, the current study was carried out to evaluate the agreement of shade between try-in pastes and resin cement for two thicknesses (0.5 and 0.7 mm) in different regions of multilayered ultra-translucent zirconia. The null hypotheses of this study were: 1) There is no perceptible color difference between the resin cement and corresponding try-in paste) 2,3) The thicknesses and different regions of multilayered ceramic veneer have no significant effect on the agreement of try-in pastes and the respective resin cements.

Methods {#s2}
=======

Preparation of Ceramic Specimen {#s2-0-1}
-------------------------------

The pre-sintered cubic zirconia material selected for this study was Katana, A1, T14, UTML (Ultra Translucent Multilayered) shade A1 (KATANA^TM^ Kuraray Noritake Dental Inc., Miyoshi, Japan). A total of 90 thin slices were provided in two thicknesses for each 45 samples (a: 8×11×0.5 mm; b: 8×11×0.7 mm) using CAD/CAM milling (pixdent, Bonyan Mechatron, Iran), and sintered based on the manufacturer's recommendations, and all the specimens were polished with 1200-grit silicon carbide paper([Figure 1](#F1){ref-type="fig"}).^[@R8]^
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Substrate Fabrication {#s2-0-2}
---------------------

Ninety resin-based composite specimens (A3 shade, Natural Shade, NOVA DFL, Rio de Janerio, RJ, Brazil) were fabricated using a rubber mold (8×11×5 mm) to obtain a uniform background and used as the background color to mimic the prepared tooth substrate.^[@R18]^

Try-in Paste Application {#s2-0-3}
------------------------

In each group (0.5, 0.7 mm) the specimens were divided into five subgroups according to the shade of the try-in paste and resin cement as follow: Universal, Clear, Brown, White and Opaque (Panavia V5 Kuraray American Inc.). The try-in paste was applied between the ceramic veneer and composite substrate. To obtain uniform film thickness of try-in paste, a pressure of 250 g^[@R19]^ was loaded over the ceramic veneer using a universal testing machine (Hounsfield 5K, England). Colorimetric evaluation was carried out with an Spectroshade spectrophotometer (SpectroShade Micro, MHT, Verona, Italy). Then, the try-in pastes were removed from the specimens with a flat-angled brush ([Figure 2](#F2){ref-type="fig"}).^[@R8]^
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Cementation of Ceramic Discs {#s2-0-4}
----------------------------

Before cementation, the zirconia specimens were abraded with airborne particle for 10 seconds with 50-mm alumina at 0.2 MPa. Then, the specimens were water-rinsed and air-dried. A primer containing silane and MDP (Clearfil Ceramic Primer plus; Kuraray Noritake Dental) was applied to all the pretreated ceramic surfaces for 20 seconds, followed by air thinning for 10 seconds. A tooth primer (Kuraray Noritake Dental) was applied to substrate surfaces for 20 seconds, followed by air thinning for 10 seconds. Then, five different shades of resin cement (Panavia V5 Kuraray American Inc.) were directly applied between the ceramic veneer with 0.5- and 0.7-mm thicknesses and composite substrate as follow: Universal, Clear, Brown, White and Opaque. Compressive pressure (250 gr) was applied on the ceramic slices for 10 seconds using a universal testing machine and then polymerized with a light-curing unit (LITEX 680A Curing Light, Dentamerica) at 500 mw/cm^2^ for 120 seconds (each Incisal, Body, and Cervical layer for 40 seconds) ([Figure 3](#F3){ref-type="fig"}).
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Evaluation of Color {#s2-0-5}
-------------------

To evaluate color, the specimens were projected onto a white background.^[@R20]^ The evaluation of color parameters was determined using the CIELab system of color using a spectrophotometer (SpectroShade Micro, MHT, Verona, Italy). All SpectroShade assessments were performed by one trained operator. Before and after measurement of each slice, the instrument was evaluated in terms of calibration. The position of the device was perpendicular to the surface of the specimen and it was reproducible in order to always obtain equal measurement conditions. To evaluate shade in different areas of the specimen, the spectrophotometer in "Tooth area" mode determined the CIELab values of cervical, middle and incisal areas for each ceramic slice simultaneously. By pushing the measure button, a colored light band was emitted and the mouthpiece was precisely positioned over the specimen. The examiner could monitor the specimen via the screen; as soon as the desired position was verified and the correct geometry was indicated by a horizontal green line, the shade was recorded. While pushing the shade button, the specimen was divided into three equal zones along the median axis by Vita shades. The specimens' L\*a\*b\* color findings were measured after try-in paste application and cementation for three times consecutively; in order to determine the color of the specimens, the mean values were calculated. The CIE color difference was calculated for the specimens using the following formula: ΔE= \[(L2-L1)2+(a2-a1)2+(b2-b1)2\]1/2, in which L1, a1, b1, are ceramic values with try-in paste in place and L2, a2, b2, after cementing and curing of resin cement ([Figure 4](#F4){ref-type="fig"}).
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Statistical Analysis {#s2-0-6}
--------------------

Data were analyzed with SPSS 17 (SPSS Inc., Chicago, IL, USA). ΔE differences among the groups were evaluated using Multifactor ANOVA. To determine the significant differences between the groups, post hoc Tuckey tests were used. The level of significance was established at P\<0.05.

Results {#s3}
=======

The means ± SD of ΔE values for different study groups are shown in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. The highest ΔE values were (0.5 mm: 2.57 ± 1.26) and (0.7 mm: 2.29 ±1.25) for White and Opaque shades, respectively. The lowest ΔE values for both thicknesses were related to Universal shade (0.5 mm: 0.93±0.46) and (0.7 mm: 0.85±0.29).

###### Means ± standard deviations of ΔE values between try-in pastes and resin cements for thickness of 0.5 mm

  -------------- ------------- ------------- ------------- --------------- -------------
                 **Brown**     **Clear**     **Opaque**    **Universal**   **White**
  **Cervical**   1.12 ± 0.29   1.37 ± 0.65   2.44 ± 1.13   0.95 ± 0.39     2.58 ± 1.49
  **Middle**     1.04 ± 0.45   1.48 ± 0.51   2.12 ± 1.50   0.86 ± 0.53     2.34 ± 1.38
  **Incisal**    1.40 ± 0.71   1.05 ± 0.50   1.73 ± 0.98   0.99 ± 0.48     2.81 ± 0.96
  **Total**      1.19 ± 0.52   1.30 ± 0.57   2.10 ± 1.21   0.93 ± 0.46     2.57 ± 1.26
  -------------- ------------- ------------- ------------- --------------- -------------

###### Means ± standard deviations of ΔE values between try-in pastes and resin cements for thickness of 0.7 mm

  -------------- ------------- ------------- ------------- --------------- -------------
                 **Brown**     **Clear**     **Opaque**    **Universal**   **White**
  **cervical**   1.01 ± 0.31   1.02 ± 0.45   1.99 ± 1.07   0.86 ± 0.41     1.80 ± 1.23
  **middle**     0.81 ± 0.18   1.17 ± 0.53   2.15 ± 1.28   0.81 ± 0.20     1.68 ± 0.85
  **incisal**    1.22 ± 0.30   1.15 ± 0.50   2.74 ± 1.41   0.87 ± 0.24     1.44 ± 0.65
  **Total**      1.02 ± 0.31   1.11 ± 0.48   2.29 ± 1.25   0.85 ± 0.29     1.64 ± 0.92
  -------------- ------------- ------------- ------------- --------------- -------------

Multifactor ANOVA results showed that ΔE (try-in paste‒resin cement) values were significantly affected by the resin cement shade (P\<0.05) and the thickness of ceramic veneer (P\<0.05). In contrast, different regions of multilayered ultra-translucent zirconia ceramic showed no significant effect on the agreement between the try-in paste and the respective resin cement ([Table 3](#T3){ref-type="table"}); however, the highest ΔE was related to the incisal region (1.58). Except White shade, all the ΔE values for 0.5 mm were higher than those in 0.7 mm, demonstrating a better shade agreement between the try-in paste and the respective resin cement with thicker ceramic veneers. In this study, ΔE\>1 was set as the perceptible color change. The result showed that when Universal shade was applied ΔE values were \<1.0 unit; therefore, it could not generate a perceptible color change in the veneers. The results of post hoc Tukey tests revealed that ΔE values for shades Clear, Universal and Brown were less than those of shades White and Opaque. Lighter shades had better shade agreement between the try-in paste and the respective resin cement.

###### Multifactor ANOVA for the values of ΔE

  ------------------------- -------------------- -------- ----------------- ------------- ------------
  **Source**                **Sum of Squares**   **df**   **Mean square**   **F**         **Sig.**

  **Thickness**\            **3.818**\           **1**\   **3.818**\        **5.514**\    **0.020**\
  **Cement**\               **79.377**\          **4**\   **19.844**\       **28.656**\   **0.000**\
  **Region**\               **1.354**\           **2**\   **0.677**\        **0.978**\    **0.378**\
  **Thickness \* Cement**   **9.314**            **4**    **2.328**         **3.362**     **0.11**
  ------------------------- -------------------- -------- ----------------- ------------- ------------

Discussion {#s4}
==========

Obtaining the planned color using indirect bonded restoration is a fundamental step to achieve a successful outcome in the esthetic rehabilitation treatments, consequently resulting in the satisfaction of both the dentist and patient.^[@R8]^ The try-in pastes could be used as indicators of the final color and as a guide to choose an appropriate color of the luting cement. However, controversial views about the color agreement of try-in paste and luting cement have been proposed. For color agreement evaluation different threshold settings have been presented and determination of the magnitude of difference between the color shade of two specimens, while it is perceptible or acceptable, is of great clinical importance.^[@R11]^ The perceptible ΔE threshold in different studies ranged from 1.0 to 3.7^[@R21]-[@R23]^ and the acceptable ΔE threshold ranged from 1.7 to 6.8.,^[@R25]^ Due to different threshold settings by the authors, different conclusions might be drawn. Nevertheless, the most widely accepted values for ΔE in the literature are 1.0 and 3.3 units for perceptibility and acceptability of color change, respectively.,^[@R26]^ In the present study, the color differences are considered visually perceptible and clinically acceptable for ΔE\>1 and ΔE\<3.3, respectively.

Since most shades produced perceptible color change (ΔE\>1.0), the first null hypothesis was rejected. The results indicated that the color matching of try-in paste and corresponding resin cement is not always achieved. This finding accords with other studies which demonstrated that in most cases, the color of the try-in paste did not correspond to the color of its respective resin cement.^[@R10],[@R27],[@R28]^ In contrast, Xing et al^[@R11]^ reported high agreement between try-in pastes and their respective resin cements; however, the perceptible threshold of ΔE was considered 2 and the used body materials only represent the middle one-third of veneer restoration whereas final color is the outcome of cervical, body and incisal materials together.

The ΔE values of White and Opaque shades were highly above the perceptible limit and considered clinically significant. The opaque shade obviously increases the brightness and L value and decreases chroma. The clinical purpose of using an opaque shade is frequently to mask the undesired color of underlying substrate.^[@R29]^

The results revealed that the ceramic thickness had a significant effect on the agreement of try-in paste and corresponding resin cement (P\<0.05); therefore, the second null hypothesis was rejected. The mean ΔE values at 0.5-mm thickness were significantly higher than that of 0.7-mm thickness in different shade groups; the results were in agreement with those of the previous studies that showed as the thickness of ceramic veneers reduced, higher ΔE values were achieved between try-in pastes and resin cements.^[@R8],[@R15]^ This can be explained by the fact that as the thickness of the specimens reduces, the translucency parameters increase greatly. Therefore, greater translucency reduces the impact of the microstructure and composition of the ceramic materials on color differences between try-in paste and the respective cement shade. Also Piers et al showed that increasing the ceramic thickness increases its opacity and hinders transmission of light, which favors light scattering and reduces translucency.^[@R30]^ In contrast, Xing et al^[@R11]^ reported that the thickness did not affect the agreement of try-in pastes and the respective resin cements. This might be due to the use of Ceromer disks which have microstructure and composition different from cubic zirconia used in the present study. The cubic zirconia used in this study is ultra-translucent multilayered zirconia (UTML) that is the third generation of dental zirconia with 5% mol yttria. The cubic zirconia in different crystallographic directions has isotropic state which decreases the light scattering occurring at grain boundaries.^[@R31]^ Accordingly, the cubic zirconia has higher translucency properties. Color and other optical features such as scattering and absorption of light are important for shade matching and esthetic outcomes. Furthermore, this multilayered zirconia was polychromatic to resemble the optical properties similar to natural teeth following insertion of dyes in framework blocks within the gradient chromatic ceramic disks.

The results of this study showed that different regions of multilayered ceramic veneers have no significant effect on the agreement of try-in pastes and resin cement shades (P\>0.05); therefore, the third hypothesis was confirmed. However, the highest ΔE was related to incisal regions (1.58); this might be due to the presence of lower dye components in the incisal layer and different degrees of translucency across the layers.^[@R32]^ Ueda et al revealed that different layers of UTML disc have different transmittance values.^[@R33]^

In spite of the fact that there was a perceptible color difference between the resin cement and corresponding try-in paste, since most of the ΔE values were higher than the perceptible threshold (ΔE\>1), all the ΔE values derived from the specimens were below the clinically unacceptable threshold of ΔE\<3.3.

Using only one shade of substrate (A3) can be considered as a limitation of the current study. In addition, only shade A1 of ultra-translucent multilayered zirconia veneer was applied in the study. Further studies on other shades of substrate and zirconia veneer are recommended.

Conclusion {#s5}
==========

The following conclusions can be drawn within the limitations of this in vitro study:

1.  Perceptible color differences were found between the try-in pastes and the respective resin cement in most shades investigated.

2.  The thickness of the ultra-translucent multilayered zirconia veneer affected the agreement of the try-in pastes and the respective resin cement.

3.  The regions of multilayered zirconia veneer did not affect the agreement of the try-in pastes and the respective resin cement.
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